BACKGROUND: Overuse of antibiotics in the treatment of acute respiratory tract infection (ARI) contributes to the growing problem of antibiotic-resistant infections.
INTRODUCTION
Overuse of antibiotics in the treatment of acute respiratory tract infection (ARI) contributes to the growing problem of antibiotic-resistant infections. Although antibiotic use for ARIs is slowly declining 1 , prescription of antibiotics for these predominantly viral infections remains an important public health problem. The reasons for the persistence of this practice are not certain. Antibiotic prescription rates are greater when purulent manifestations of ARI are present 2, 3 . Patient factors, time pressures, and practitioner type and specialty also may be important in the decision 4, 5 .
If we understood better how clinical factors influence practitioners' decisions to prescribe antibiotics, we could design education strategies to decrease the use of antibiotics in cases where they were not likely to be of any benefit. Thus, we designed paper case vignettes that depicted patients with ARI and asked community practitioners whether they would prescribe antibiotics in each case. We then inferred the importance of each clinical and patient factor from their answers.
We asked the following questions: Which clinical and patient factors were most important to practitioners in deciding to prescribe antibiotics? Were they influenced by patient wishes and patient pressure? Did the importance of clinical and patient factors vary from clinician to clinician? How do the community practitioners' decisions compare with those that would result from the application of the Centers for Disease Control and Prevention (CDC) guidelines regarding antibiotic treatment of respiratory infections?
METHODS

Paper Cases
To determine the importance of clinical and patient factors, we designed 20 case vignettes describing patients with ARI symptoms. After reading each case, respondents were asked whether or not they would prescribe antibiotics for this patient (yes/no), how likely it was they would prescribe antibiotics (0-100 scale), how comfortable they were with their decision, and how strongly they would urge the patient to take antibiotics if the patient did not want to (0-100 scale). We added these latter questions to explore the effect of uncertainty on and to measure the strength of practitioners' convictions about the decision. A second set of cases, designed to investigate the differential diagnosis of ARI, was included but is not reported in this paper.
We selected the variables of interest through a review of clinical and patient factors that had proved important in previous studies of ARIs [2] [3] [4] [6] [7] [8] [9] as well as results of previous case vignette studies of clinicians' diagnoses in ARIs [10] [11] [12] [13] . We also included non-clinical patient factors that might affect treatment but not diagnosis, such as patient expectation for antibiotics, or impending travel. Several previous studies suggested these factors influence prescribing decisions 4, 5, [14] [15] [16] . Each case presented the same variables in either a positive or negative form (e.g., "no cough" or "productive cough with yellow sputum"). The positive levels were chosen by the frequency of values in clinical studies of ARIs, interviews with clinicians to identify important thresholds, and review of the literature. Additionally, we avoided variables and values that would provide strong evidence for a particular diagnosis, such as tonsillar exudate (pharyngitis), pain resembling a maxillary toothache (sinusitis), and positive transillumination (sinusitis) in order to get a broad distribution of likelihood estimates. Variables and levels are shown in Table 1 .
To reduce the number of cases each participant had to evaluate, we used a fractional factorial design that presents all important combinations of variables and allows analysis of the main effects and selected first-order interactions in 20 cases rather than the 512 that would be required for a full factorial 17 .
Participants
We [19] [20] [21] . These guidelines were developed by a panel appointed by the CDC and were endorsed by the CDC, the American College of Physicians, the American Academy of Family Practice, and the Infectious Disease Society of America. The faculty members were each given the guidelines to study and were asked to answer the cases using the CDC guidelines. They were told not to use their own judgment or clinical practice, but to answer the questions regarding antibiotics as they would be answered according to the guidelines. For each case the faculty members were asked to answer four multiple choice questions according to the CDC guidelines: Should this patient be given antibiotics? Is the cause viral or bacterial? What is the most likely diagnosis? How confident are you in the diagnosis?
Analysis
We used the statistical programs of SAS to analyze the responses (SAS Institute, Inc. version v9.1 Cary, NC). First, we analyzed all responses at the level of the individual practitioner, then averaged all practitioner averages to obtain the overall average. We calculated the weights for each of the 101 practitioners using the method of judgment analysis 22, 23 .
A participant did not explicitly say whether they were influenced by a variable. Rather, we constructed a linear model for each practitioner using regression analysis to infer the weight of each variable from the judgment made about each case (the likelihood they would prescribe antibiotics). Where the outcome variable was continuous (e.g., likelihood), we used multivariate linear regression; where it was a yes/no question, we used logistic regression. We calculated weights similarly for the eight faculty using the CDC guidelines. In judgment analysis it is important to obtain the results at the level of the individual practitioner first and then combine the results in order to avoid missing individual variation. To confirm that the linear model was the best fit, we ran repeated monotonic transformations of the dependent variables using the variance explained (r 2 ) as the test for fit.
RESULTS
Of the 101 practitioners from community practices in Denver and Colorado Springs, 30 were pediatric practitioners and 71 cared for adults and families. Of the 101, 35 were women and 66 were men. There were 58 physicians, 18 physician assistants, and 23 nurse practitioners. Twenty-three practiced in 
Variation Among Individual Practitioners
Practitioners varied considerably in both the patterns of weights of the clinical or patient factors and the range of weights for each individual factor. The weight given to productive cough as a percent of total weight, for example, varied from −18.6 to 68.7 with a median of 11.4. There was good agreement, however, among individual practitioners regarding which variable had the greatest weight. Duration of illness was the most important variable for 72% of the practitioners followed by temperature (13%), sinus symptoms (6%), nasal drainage (6%), and productive cough (3%) ( Table 2 ). This pattern was similar across specialties. Weights calculated using the yes/no outcome were nearly identical. Most practitioners (78.1%) were comfortable with their treatment decisions. Comfort with the decision was inversely correlated with the likelihood of giving antibiotics (r=−0.22, p< 0.0001), but was not correlated with other clinical or patient factors.
CDC Guidelines
The eight faculty members asked to follow the CDC guidelines gave antibiotics in 20% of the cases, compared to 44.5% for the practitioners (p<0.0001). They thought the cause was bacterial in 19.4% of cases. The findings weighted most heavily were duration of illness (four faculty members), sinus pressure (three faculty members), and nasal drainage (one faculty member). Average weights for the clinical and patient variables were similar to those of the community practitioners except that the average weight for productive cough was negative (against prescribing): −3.9 (CI: −11.7 to 3.8) compared with the community practitioners whose average weight for productive cough was 12.4 (CI: 10.0 to 14.8). Several faculty commented that their answers following the guidelines differed from how they would have answered if they had been following their own practice policies.
Interactions Among Variables
To determine if the weighting of any variable was influenced by the state of other variables, we calculated the first order interactions. Overall, four interactions were significant: cough × duration, cough × temperature, sinus pressure × duration, and temperature × duration all had greater weight when both were present (positive) than would have been predicted from their individual weights. When we calculated the weights for each of the 101 individuals, the interactions of sinus pressure × duration and temperature × duration replaced duration alone as the highest weighted variable for 24 practitioners. The interaction of cough × duration was the highest weighted variable for six practitioners. As an example of the effect, antibiotics were prescribed 52% of the time when cough was present, but 37% Figure 1 . Median of weights for each of the nine variables in deciding whether to prescribe antibiotics by 101 community practitioners.* All weights are given as the change in likelihood associated with the factor going from being absent to being present as defined in Table 1 . of the time when it was absent. When cough was absent and duration was long, practitioners prescribed antibiotics in 27.1% of cases, but when cough was present and duration was long, they prescribed antibiotics in 78.8% of cases. Overall, there were no significant interactions between cough and duration in the cases from the faculty members following the CDC guidelines, but there were strong interactions between temperature and duration and sinus pressure and duration.
DISCUSSION
In order to understand how clinical factors influence practitioners' decisions about prescribing antibiotics in ARIs, we studied the decisions of 101 community practitioners in response to 20 case vignettes of patients with respiratory tract infection. On average, they prescribed antibiotics in 44.5% of the cases. Although the weighting of specific findings varied from individual to individual, 72% of practitioners placed the greatest weight on the duration of illness in making the decision to start antibiotics. In addition, there were significant interactions between the most important clinical factors. Nonclinical patient factors such as the patient's desire for antibiotics did not play a significant role in the decisions, although many physicians say they are influenced by patient factors in antibiotic treatment decisions for ARIs 4, 5, [14] [15] [16] .
To provide a benchmark, eight internal medicine faculty members reviewed the published guidelines from a CDC expert panel before deciding whether to prescribe antibiotics in the same 20 cases. They prescribed antibiotics in 20% of the cases and thought that 19.4% of the cases were bacterial in nature. Four of the panelists placed the greatest weight on duration of illness, three on sinus pressure and pain, and one on colored nasal drainage.
These results suggest that duration of illness plays a major role in the decision to prescribe antibiotics. Duration of illness has not received much attention previously. Dosh and colleagues had found that duration greater than 14 days was associated with increased prescribing in their univariate analysis, but the effect disappeared when the model was adjusted for other variables 9 . Does longer duration increase the likelihood that the illness is bacterial? In these 20 cases, the possible diagnoses included viral URI, influenza, bronchitis, rhinosinusitis, or pneumonia. Of these, only sinusitis and pneumonia would be treated with antibiotics according to the CDC guidelines 20, 21 . Pharyngitis was not a consideration in these cases because none had a sore throat. Because there is evidence that rhinosinusitis of longer duration is more likely to be a bacterial infection 21 , it is reasonable to consider duration of illness in that setting. Routine antibiotic treatment of uncomplicated acute bronchitis, however, is not recommended in healthy individuals, regardless of the duration of the illness 19 . The median duration of viral bronchitis is 2 to 3 weeks, and longer duration does not correlate with a bacterial cause, with the notable exception of pertussis in patients with cough lasting more than 2-3 weeks 24 . With regard to pneumonia, a study of 1,436 patients with respiratory tract infection seen in the emergency department found that duration of illness was not an independent predictor of infiltrate on chest X-ray 25 , and it was not an important factor in the diagnosis of pneumonia in the studies reviewed by Metlay 26 .
Other findings given significant weight by the community practitioners were temperature, sinus tenderness, colored nasal drainage, and productive cough. In these case vignettes, the level of fever (101.5°F) does not reliably distinguish between viral and bacterial infections, but is a predictor of pulmonary infiltrate if pneumonia is under consideration 25 .
Colored nasal drainage, but not sinus pressure and pain, is helpful in distinguishing bacterial from viral rhinosinusitis 7 .
Productive cough usually suggests bronchitis unless a patient also presents with marked sinus congestion, but cough did not achieve significance as an independent predictor of pneumonia in two studies 25, 27 . Gonzales found that findings suggesting purulence are associated with increased rates of antibiotic use 2 . Purulence, however, has not proved to be a reliable way to distinguish bacterial from viral bronchitis 28, 29 . None of the three patient factors appeared to influence the decisions. Several studies have suggested that patient factors are important 4, 5, [13] [14] [15] , but an observational study of 482 patients found no independent effect on prescribing decisions 9 . There are several possible explanations for these differences. Since most studies of patient factors rely on physicians' self-report of what influenced their decision, it may be that practitioners overestimate the effect of patient factors or may use them to rationalize a decision to prescribe. Previous studies have shown that decision makers often have poor insight into their own decision policies and that the weights derived from judgment analysis are better at predicting future decisions 30 .
An alternative explanation is that patient factors are indeed important, but that the written descriptions of the patients' wishes in this study did not have the impact of a face-to-face presentation and thus underestimated the effect. Most of the practitioners were more comfortable with their decisions in the cases where they did not give antibiotics. The study cases were designed to have few clear-cut diagnoses, and it may be that the cases in which respondents prescribed antibiotics were those with more uncertainty about the diagnosis. Alternatively, practitioners may have been more concerned about error when giving antibiotics than when omitting them. A critical incident study of British practitioners found that the clinical situation that most frequently made them uncomfortable was deciding whether to prescribe antibiotics in respiratory tract conditions 31 . What accounted for the lower antibiotic prescribing rate among the faculty applying the CDC guidelines (20% versus 44.5%)? The lower rate in the faculty could have been due to differences in the overall proportion of cases they thought should get antibiotics (the base rate). The general tone of the published CDC guidelines is that most respiratory tract infections are viral and do not need antibiotics. Additionally, the decreased weight given productive cough and the lack of interaction between cough and duration by the faculty members could have accounted for some or all of the lower rate. The CDC guidelines for bronchitis stated, "Routine antibiotic treatment of uncomplicated acute bronchitis is not recommended, regardless of duration of cough" 20 . The faculty group prescribing was consistent with this. They had a slightly negative weight for productive cough and no interaction between cough and duration. There are several limitations to generalization of these findings. The decisions were made in response to paper case vignettes limited to nine features and not actual patients. Descriptions of clinical findings and patient factors may have lacked the force they would have in patient encounters. Practice patterns of these Colorado practitioners might not generalize to other geographic areas. Strongly diagnostic findings (e.g., tonsillar exudate, unilateral maxillary pain) were purposely omitted, and this could have increased the overall uncertainty and affected the rate of antibiotic prescribing. Finally, the vignettes did not allow ordering further examinations or tests as might have been appropriate if pneumonia had been suspected.
These results indicate that these practitioners are strongly influenced by the duration of illness in deciding to prescribe antibiotics. The influence of duration of illness is particularly strong in cases where the patient had a productive cough. Omission of this effect would bring the prescription rate close to that of faculty members following the published CDC guidelines. This demonstrates the importance of the weight the clinician gives to individual findings in deciding whether to prescribe antibiotics. It suggests, further, that clinical studies aimed specifically at whether antibiotics are effective in cough illnesses that last 2 weeks or more are particularly important. Targeted education of practitioners about the utility of antibiotics in this specific situation may be of great help in reducing antibiotic use.
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